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Recovery of Retrograde Fast Pathway Excitability in the 
Atrioventricular Node Reentrant Circuit After Concealed Anterograde 
Impulse Penetration 
CLAUDIO D. SCHUGER, MD, RUSSELL T. STEINMAN, MD, 
MICHAEL H. LEHMANN, MD, FACC 
Detroit, Michigan 
The recovery of the retrograde fast pathway excitability in atrio-
ventricular (A V) node reentry has been difficult to assess with 
ventricular extrastimulation because of difficulty in achieving 
sufficiently short intranodal coupling intervals and the potential 
interposition of "lower common pathway" nodal tissue. To cir-
cumvent these methodologic obstacles in 10 patients with inducible 
A V node reentrant tachycardia, a fixed atrial extrastimulus (A2) 
coupled to a basic atrial drive (AI) at a cycle length of 500 ms was 
utilized to reproducibly initiate A V node reentrant echoes. A 
ventricular extrastimulus (V 3) was then introduced after A2 at 
progressively shorter coupling intervals (A2 V 3) in an attempt to 
pre-excite the retrograde fast pathway after concealed antero-
grade penetration by A2• 
In six patients, retrograde fast pathway pre-excitation was 
achieved at critical A2 V 3 intervals, as evidenced by the appear-
ance of A3 by up to 28 ± 6 ms in advance of the expected first A V 
node reentrant echo. In five of the six cases, the V 3A3 interval was 
Atrioventricular (A V) node reentrant tachycardia originates 
from one of the smallest reentrant circuits known to give rise 
to clinical arrhythmias. There is general agreement (1-12) 
that this microcircuit is confined to the node-including, at 
most, the perinodal region-and that interposing A V node 
tissue frequently separates the circuit from the atrium (upper 
common pathway) and His bundle (lower common path-
way). Although the rapid 1: 1 retrograde conducting ability 
and short His to atrium conduction time of the A V node in 
AV node reentrant tachycardia is well known (4,13,14), 
refractoriness of the retrograde fast pathway itself has not 
been well defined by established electrophysiologic tech-
niques. In particular, attempts at characterizing recovery of 
excitability in the retrograde fast limb of the A V node 
reentrant tachycardia circuit by conventional ventricular 
extrastimulation have been limited by the unattainability of 
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virtually unaltered (:55 ms decrease) when A2 was omitted. In 
seven patients, at a critically short A2 V 3 coupling interval (195 ± 
27 ms), V 3 abruptly failed to elicit A3 and concomitantly abolished 
all A V node echoes; yet when A2 was omitted, an A3 response 
returned, with V 3A3 identical to previous values. 
It is concluded that 1) anterograde concealment by A2 in the 
retrograde fast pathway at onset of reentry can be demonstrated 
in a significant proportion of patients with typical A V node 
reentrant tachycardia; 2) this concealment effect is most often 
manifested by retrograde block rather than decremental conduc-
tion; and (3) after concealed anterograde impulse penetration, the 
retrograde fast pathway in A V node reentrant tachycardia con-
sists of tissue that, unlike the typical A V node, frequently exhibits 
an abrupt transition from full excitability to absolute refractori-
ness. 
(J Am Coll CardioI1991;17:1129-37) 
sufficiently short intranodal coupling intervals (4), as well as 
the possible presence of a lower common pathway. 
In the present investigation, we sought to overcome these 
methodologic limitations by utilizing a pacing protocol in-
volving the introduction of ventricular extrastimuli in the 
wake of concealed anterograde impulse penetration of the 
fast pathway. This unconventional strategy allowed us to 
encroach on refractoriness in the retrograde fast pathway 
and at the same time permitted us to exclude any potential 
contribution of lower common pathway delays. 
Methods 
Study patients. The study group consisted of 10 patients 
with classic atrioventricular (A V) node reentrant tachycar-
dia that fulfilled the inclusion criteria. Baseline clinical and 
electrophysiologic characteristics of the study group are 
provided in Table 1. All but two patients (Patients 1 and 8) 
had discontinuous A]A2/H]H2 curves of classic dual AV 
node physiology. None of the patients manifested retrograde 
A V node block during conventional ventricular extrastimu-
lation at a basic cycle length of 500 ms. 
0735-]097/9]/$3.50 
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Table 1. Clinical and Baseline Electrophysiologic Data in 10 Patients Without Organic Heart Disease (all data are in ms) 
Shortest VCL 
Pt. Age (yr)1 Fast Pathway AFRP With 1:1 AVNRT 
No. Gender SCL AH HV Anterograde ERP (BCL500) VAC CL AH/HA 
50/F 810 90 40 ~320* 260 ::;260 350 7.2 
2 70F 660 90 40 290 265 280 335 8.5 
271M 590 100 50 270 250 290 320 7 
4 66/F 610 90 40 270 260 290 385 6 
5 50/F 630 60 55 300 230 280 300 11 
6 751F 730 110 45 290 250 290 375 6.5 
7 451F 690 80 35 330 255 ::;250 340 16 
8 44/F 900 100 50 ~270* 240 300 310 5.8 
9 58/M 720 90 45 260 230 290 430 7.6 
10 29/F 600 70 40 380 240 ::;260 355 6.8 
*In the absence of discontinuous AIA2IHIH2 curves, the longest AIA2 interval that reproducibly generated an atrioventricular node echo is taken as a lower 
limit estimate for the fast pathway anterograde effective refractory period (ERP). AVNRT = atrioventricular node reentrant tachycardia; AFRP = atrial functional 
refractory period; BCL = basic cycle length; CL = cycle length; F :: female; M :: male; Pt. = patient; SCL = sinus cycle length; V AC :: ventriculoatrial 
conduction; VCL = ventricular cycle length. 
Electrophysiologic study. After written informed consent 
was obtained in accordance with the guidelines of Wayne 
State University Human Investigation Committee, electro-
physiologic studies were performed in the postabsorptive 
non sedated state. All antiarrhythmic medications were dis-
continued for at least five half-lives. Transvenous quadripo-
lar or octapolar electrode catheters, or both, were intro-
duced percutaneously and positioned in the high right 
atrium, right ventricular apex, across the tricuspid valve in 
the region of the His bundle and the coronary sinus. Pacing 
was performed at twice diastolic threshold using a program-
mable stimulator (Bloom Associated Ltd.). Surface electro-
cardiographic leads I, II, a VF and V) as well as intracardiac 
recordings filtered at 30 to 500 Hz were recorded on mag-
netic tape (Honeywell 101) and paper (Siemens MingograO 
at a speed of 100 mmls. 
Inclusion criteria. Included in the study were patients 
who during atrial extrastimulation had inducible classic A V 
node reentry, as defined by the following criteria: 1) normal 
sequence of retrograde atrial activation (15); 2) a ventricu-
loatrial interval measured at the high right atrium <95 ms 
(16); 3) an atrial-His/His-atrial ratio >3 (4); and 4) no 
evidence of an accessory A V connection. 
Study protocol for three pacing techniques. Conventional 
incremental atrial and ventricular pacing and extrastimulus 
testing were performed to assess anterograde and retrograde 
conduction and refractory periods. Additionally, a study 
protocol consisting of three pacing methods was undertaken 
in every patient, as shown schematically in Figure 1. In 
Method I after the eighth beat of a basic high right atrial 
drive at 500 ms (AlAI)' the longest AIA2 coupling interval 
that reproducibly generated A V node echoes (Ae) was 
identified, thereby assuring block of A2 in the fast pathway. 
Method I was repeated throughout the study protocol ~ 10 
times at that fixed A)A2 coupling interval to determine the 
consistently shortest A2Ae interval (minimal A2Ae). 
Method II was performed as follows. With use of the 
same A)A2 coupling interval identified in Method I, a ven-
tricular extrastimulus (V 3) was coupled to A2 (A2 V 3)' start-
ing synchronously with the H2 deflection and, thereafter, 
Figure 1. Schematic representation of the study protocol. In 
Method I after a basic high right atrial drive (AI)' an atrial extra-
stimulus is introduced (A2) at the longest coupling interval that 
reproducibly generates an atrioventricular node echo (Ae) by tra-
versing the slow pathway (broken line) after blocking in the fast 
pathway (solid line). During Method II at the same AIA2 coupling 
interval identified during Method I, a ventricular extrastimulus (V 3) 
is introduced at an A2V3 (or equivalent Al V3) coupling interval that 
succeeds in pre-exciting the fast retrograde pathway, thereby gen-
erating an atrial response (A3) and preempting the appearance of Ae. 
In Method III, V 3 is introduced in the absence of A2 at an identical 
A\V3 coupling interval. See text for additional details. 
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Table 2. Eiectrophysioiogic Data Obtained With Pacing Methods I, II and III (all data are in ms) 
Method III (-A2) 
Method II (+ Az) Corresponding 
to Values Onset of 
Method I At Maximal Retrograde Fast Onset of Retrograde During Pre- Retrograde 
PI Min 
Pathway Pre-excitation Block excitation Block* 
No. AlAI AIAz AzAe AIV3 AZV3 AzA3 V3A3 AIV3 AZV3 VIV3 A1V3 V3A3 A1V3 V1V3 
500 320 410 550 230 395 165 540 220 250 550 165 :5540 :5240 
2 500 280 380 470 190 350 160 460 180 285 470 160 :5430 :5250 
3 500 270 400 460 190 370 180 450 180 270 460 175 :5420 :5230 
4 500 270 470 510 240 440 200 500 230 280 510 180 :5470 :5250 
5 500 260 330 420 160 295 \35 410 150 210 420 130 :5380 :5200 
6 500 290 395 510 220 365 145 500 210 290 510 140 :5470 :5260 
7 500 300 350 480 180 310 :5410 :5240 
8 500 270 310 :5230 
9 500 250 340 :5230 
10 500 290 340 :5230 
*Retrograde block during Method III was never observed because of ventricular refractoriness. Min = minimal; Pt. = patient. 
progressively shortening A2 V 3 in 10 ms decrements until 
ventricular refractoriness was encountered. As originally 
suggested by Wu et al. (17), we hypothesized that at a critical 
A2 V 3 coupling interval, V 3 might succeed in pre-exciting the 
retrograde fast pathway while the anterograde wave of 
activation was still traversing the slow A V node pathway. 
Consequently, an A3 response would be generated, preempt-
ing the occurrence of an echo beat (Ae), whose phantom 
image is depicted by a dashed rectangle in Figure 1. The V 3 
impulse was considered to have pre-excited the retrograde 
fast pathway when the A2A3 interval was ::::: 10 ms shorter 
than the minimal A2Ae (determined during Method I), while 
the retrograde sequence of atrial activation remained un-
changed. 
In Method III, for each V 3 introduced during Method II, 
a second pacing sequence was used that was identical to that 
in Method II with the exception that A2 was omitted. Thus, 
the V 3A3 interval during Method III represented the conduc-
tion time in the absence of prior concealed anterograde nodal 
penetration by A2. Any differences in V3A3 between Meth-
ods II and III at identical A I V 3 coupling intervals (Fig. 1) 
would have to be attributed to AV node delays (specifically, 
in the retrograde fast and possibly upper common pathway) 
rather than delays in the lower common nodal pathway or 
His-Purkinje system. This is so by virtue of the fact that 
when retrograde pre-excitation occurs secondary to the V 3 
impulse, the coupling intervals registered in the putative 
lower common pathway and His-Purkinje system are deter-
mined by AI V 3, regardless of the presence or absence of A2. 
It has to be stressed, however, that the concealed effect of 
A2 is relevant only for retrograde fast pathway tissues at or 
proximal to the site of block, whatever the level of block 
might be. 
Definitions. In this study, the coupling interval designa-
tions AIA2' A2 V 3 and AI V 3 are used in place of their 
respective interstimulus intervals (SIS2' S2S3 or SIS3) for the 
sake of clarity because of the absence of stimulus to re-
sponse latency at the reported coupling intervals. 
The anterograde effective refractory period of the fast A V 
node pathway was defined as the AIA2 value associated with 
a sudden jump (:::::50 ms) in the corresponding A2H2 response 
after a 10 ms decrement in AIA2. 
The A2 V3 coupling interval was taken as an index of 
proximity of the retrograde impulse to time of prior penetra-
tion of the fast pathway by A2. Because A2 and V 3 conduct 
in opposite directions and the site of A2 block in the 
retrograde fast pathway is unknown, the precise intranodal 
coupling interval cannot be determined. Despite this limita-
tion, the A2 V 3 interval serves as a useful variable for 
comparative purposes (18). 
The V3A3 interval (retrograde conduction time) for 
Methods II and III was measured from onset of the V 3 
stimulus artifact (S3) to the onset of the first rapid deflection 
of the atrial electrogram at the high right atrium. 
Results 
Of the 10 patients studied, 6 (Patients 1, 2, 6, 7,9 and 10) 
exhibited one or two atrioventricular (A V) node echoes at 
the AIA2 coupling interval selected during Method I, with 
termination of reentry always occurring in the anterograde 
limb of the circuit. In all these patients after completion of 
the pacing protocol, atropine (0.5 mg) administered intrave-
nously resulted in sustainment of A V node reentry induced 
by atrial extrastimulation. The remaining four patients (Pa-
tients 3, 4, 5 and 8) always demonstrated sustained AV node 
reentrant tachycardia at the AIA2 coupling interval selected 
during Method I. The mean tachycardia cycle length of the 
entire group was 350 ± 37 ms, with a mean atrial-His/His-
atrial ratio of 8 ± 3. The His-atrial interval of the first A V 
node echo was always identical to that of subsequent echoes 
during sustained reentry. 
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Retrograde pre-excitation of the fast pathway. Table 2 
provides the electrophysiologic data obtained with the pac-
ing protocol in the study cohort. During Method II, the 
introduction of a ventricular extra stimulus (V 3) succeeded in 
pre-exciting the retrograde fast pathway in six patients 
(Patients 1 to 6), generating an A3 response that consistently 
preempted the first A V node echo (Ae) (Fig. 2). By progres-
sively shortening the A2 V 3 coupling interval, increasing 
degrees of atrial pre-excitation (minimal A2Ae minus A2A3) 
were obtained. The mean maximal atrial pre-excitation 
achieved was 28 ± 6 ms (range 15 to 35). The A2 V 3 intervals 
resulting in maximal atrial pre-excitation (shortest A2A3), as 
well as the corresponding AIV3 and V3A3 intervals, are 
presented in Table 2. 
When the six patients exhibiting retrograde pre-excitation 
(Patients 1 to 6) were compared with their counterparts 
lacking this phenomenon (Patients 7 to 10), the former had 
significantly longer minimal A2Ae values during Method I 
(398 ± 41 versus 335 ± 15 ms; p < 0.05). Inasmuch as 
ventricular effective refractory periods differed minimally 
between the two groups (238 ± 19 versus 232 ± 4 ms; p = 
NS), ventricular refractoriness appeared to be a limiting 
factor in at least some of the patients who would have 
required shorter A2 V 3 values to preempt Ae. Pacing from a 
site closer to the A V node reentrant tachycardia circuit, if 
feasible, might have permitted the occurrence of retrograde 
pre-excitation in some of these cases. It should also be 
mentioned that patients who failed to exhibit retrograde 
pre-excitation during Method II always demonstrated intact 
retrograde conduction during Method III (Table 2). More-
over, a retrograde His bundle deflection was not observed to 
emerge from the V 3 electrogram in any of the study patients, 
even at the shortest V I V 3 intervals achieved with Method 
III. Thus, His-Purkinje delays or block did not appear to be 
factors that prevented V 3 from encroaching on retrograde 
fast pathway refractoriness in the present study. 
Ventriculoatrial conduction (V 3A3 intervals) in the pres-
ence and absence of A2• In five of the six patients in whom 
retrograde fast pathway pre-excitation could be achieved, 
V3A3 remained virtually unaltered (:55 ms difference) in the 
presence (Method II) or absence (Method Ill) of A2 at 
identical A I V 3 coupling intervals (Table 2). This implies that 
the retrograde fast pathway was fully recovered from con-
cealed penetration by A2, even at the shortest A2 V 3 interval 
resulting in pre-excitation. In the remaining patient (Patient 
4), a 20 ms increase in V 3A3 was measured in Method II 
versus Method III, suggesting incomplete retrograde fast 
pathway recovery in this case. For the six patients as a 
group, when the coupling interval registered within the fast 
pathway was shortened over a broad range of values-by an 
amount corresponding to the decrease from a mean A I V 3 of 
487 ± 42 ms (Method III) to a mean A2 V 3 of 205 ± 28 ms 
(Method II)-there was a concomitant mean increase in 
V3A3 of only 6 ± 7 ms. 
An example of the typical V3A3 response during Method 
II is illustrated in Figure 2. In this patient, the introduction 
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of V 3 at A2 V 3 coupling interval of 190 ms results in retro-
grade fast pathway pre-excitation with a V3A3 value of 
160 ms (panel B). During Method III when A2 is omitted 
(panel C), at an identical A1V3 coupling interval of 470 ms, 
V 3A3 is unaltered, suggesting that at the time of pre-
excitation the retrograde fast pathway was completely re-
covered from concealed anterograde penetration by A2. 
Onset of ventriculoatrial (VA) block in the retrograde fast 
pathway. In the six patients who exhibited retrograde pre-
excitation during Method II, V 3 abruptly failed to elicit an A3 
response at a critically short A2 V 3 coupling interval (mean 
193 ± 24 ms, range 180 to 230) (Table 2). Yet, when A2 was 
omitted during Method III at identical AI V 3 coupling inter-
vals, an A3 response returned with no change in V 3A3' 
indicating that the retrograde block observed in Method II 
resulted from concealed anterograde nodal penetration by 
A2. An example of such an occurrence is illustrated in Figure 
2. In panel D, at an A2V3 coupling interval of 180 ms-a 
value only 10 ms shorter than that associated with retrograde 
pre-excitation (panel B)-V3 abruptly fails to elicit A3. Of 
note also is the absence of any echo beats after A2-a 
phenomenon seen in all patients exhibiting retrograde block 
during Method II-indicating that V 3 penetrated the A V 
node reentrant tachycardia circuit. When A2 is omitted at the 
same A1V3 interval, as shown in panel E, V3 now succeeds 
in eliciting an A3 response with a V 3A3 value identical to that 
of the previous panels, suggesting that concealed antero-
grade penetration of A2 is responsible both for retrograde 
block and the abolition of an echo beat after Az. 
The site of retrograde block of the V3 impulse could be 
further defined in three of the six patients (Patients 3 to 5) 
who exhibited retrograde pre-excitation during Method II. 
In these patients, induced A V node reentrant tachycardia 
was always sustained (in the absence of atropine) at the 
AIAz coupling interval selected during Method I. In all three 
cases, once V3 failed to elicit A3 as a result of retrograde 
block during Method II, tachycardia initiation was also 
aborted (Fig. 3), indicating that the site of retrograde block 
was within the fast limb of the reentrant circuit rather than in 
a possible upper common pathway. In the remaining three 
patients, the AIAz coupling intervals selected during Method 
I generated only one or two A V node reentrant echoes (Fig. 
1), preventing clear-cut differentiation between retrograde 
fast limb versus upper common pathway sites of block in 
these patients during Method II. 
In one of the patients (Patient 7), no evidence of atrial 
pre-excitation could be observed during Method II, but at a 
critically short A2 V 3 coupling interval, retrograde block 
occurred and A V node echoes were no longer generated, 
suggesting that V 3 penetrated the circuit and blocked either 
in the retrograde fast pathway or the upper common path-
way. Return of retrograde conduction during Method III 
showed that in this patient too, retrograde block during 
Method II could be attributed to the concealed effects of A2. 
2 HB
 
RV
 
A
ll 
A
, 
.
.
.
 , 
A
, 
A2
 
V
 
A
s 
A
,V
a 
=
 
47
0 
~ 
~ 
sA
 
~
 
A
,V
, 
=
19
0 
f 
57
 
S-t 
A
S
t 
V
sA
3=
16
0 
~
 
~~
-h
 
~.
'4
:'
~'
 
~ 
A
, 
A2
 
A
s 
~
~
~
I
~
~
I
~
~
l
r
~
I
~
I
l
~
J
I
~
-
-
-
-
-
-
~
~
J
~
-
-l
~L
-,
'"
-l
-,
--
J~
-J
j~
 
B 
"p'~U'n",m
'U"I"!!!t!
!!!"!!!"u!
!!I!!!!I!I
!n!!"n!t!!
!!I!21"r!!
!nln,,"!!!
I!W,,"'~m"
",!W!!!p'I
I!!!!!!nlu
vU!ulup'Tl
m'Uu"imlP"
!!bMIUI'PI
I.i.ulD"Hl
DW'Pupllm!
!!ulmmIgln
ulUglmPlml
mm'PIp'UlU
!!"UlUliUP
II'Ulm"!!"
!!!!!!I!!I
I""'lIni!O
lDmln 
.
.
.
 , 
A
, 
A
, 
"
A
3 
A
,V
3
=
4
7
0
 
l' 
s,
~ 
sA
 
sA
 
T 
V
, 
A
, 
=
 
16
0 
t-
--
--
A
, 
A
s 
.
.
.
 
~ 
.
.
 
~f
.,
. 
~
~
~
 
~ .
.
 ,
 
A
, 
~1
w-
--
--
--
-.
JH
t-
--
V,
 
Va
 
-
il 
.
 
!l
 
.
 
t
~
L
.
J
r
-
~l
--
-
C 
pmlm!-
l.m.lm
nt..~'
P1!ppt
g'!n'U
nnlpum
tt!lD1
!ngtT!
"!.rnn
!T1! 
! 
I J
 
! 
! 
d_l",
..J"g
dml-,
.t~U'
ngr!m
ppnlp
tpmrl
nnlmm
ml"l1
"D'bn
nr. 
Fi
gu
re
 2
. 
Pa
tie
nt
 2
. R
et
ro
gr
ad
e 
fa
st 
pa
th
w
ay
 p
re
-e
xc
ita
tio
n 
an
d 
bl
oc
k.
 E
le
ct
ro
gr
am
s 
fro
m
 
to
p 
to
 b
ot
to
m
 sh
ow
 su
rfa
ce
 e
le
ct
ro
ca
rd
io
gr
ap
hi
c 
le
ad
 II
, h
ig
h 
rig
ht
 a
tr
iu
m
 (H
RA
), 
pr
ox
im
al
 
co
ro
n
ar
y 
sin
us
 (C
S p
),
 d
ist
al
 c
o
ro
n
ar
y 
sin
us
 (C
S o
), 
H
is 
bu
nd
le 
(H
B)
, r
ig
ht
 v
en
tr
ic
le
 (R
V)
 
an
d 
tim
e 
lin
es
 (
TL
). 
A,
 
D
ur
in
g 
M
et
ho
d 
I, 
th
e 
in
tro
du
ct
io
n 
o
f 
an
 
at
ria
l 
pr
em
at
ur
e 
ex
tr
as
tim
ul
us
 (A
2) 
re
pr
od
uc
ib
ly
 g
en
er
at
es
 a
 s
in
gl
e 
at
rio
ve
nt
ric
ul
ar
 (A
 V)
 n
o
de
 e
ch
o 
(A
e) 
w
ith
 a
 m
in
im
al
 A
2~
 co
u
pl
in
g 
in
te
rv
al
 o
f 3
80
 m
s.
 B
, U
sin
g 
th
e 
sa
m
e 
A
tA
2 
co
u
pl
in
g 
in
te
rv
al
, 
th
e 
in
tro
du
ct
io
n 
o
f a
 v
en
tr
ic
ul
ar
 e
x
tr
as
tim
ul
us
 (V
3) 
du
rin
g 
M
et
ho
d 
II
 a
t a
n
 A
2V
3 i
nt
er
va
l o
f 
19
0 
m
s 
(or
 c
o
rr
es
po
nd
in
g 
A
tV
3 
o
f 
47
0 
m
s) 
pr
e-
ex
ci
te
s 
th
e 
fa
st 
re
tr
og
ra
de
 p
at
hw
ay
, 
ge
ne
ra
tin
g 
an
 
A3
 r
es
po
ns
e 
w
ith
 i
de
nt
ic
al
 a
tr
ia
l 
re
tr
og
ra
de
 s
eq
ue
nc
e 
o
f 
ac
tiv
at
io
n.
 T
hi
s 
-
-
-
-
1L
- A
, 
A
, 
A
, 
..
. 
A3
 
A
,V
3=
.4
60
 
t 
~ 
)f 
)f 
f 
V
,A
,=
16
0 
f 
5
,'
 
S, 
S, 
A
, 
A
3 
~ 
.~
,.
 
~~
 
~f
.,
. 
f
~
~
 
A
, 
A3
 
A
'H
, 
! 
v
._
 A
3 
E 
j!~~:
:dZ",
I",!!
\"pJ'
W!"IP
U"d''
'J'P'
'I .. gh
.nJ:
:::J 
A
. 
A
. 
A.
 
A
. 
A
. 
A
. 
A
. 
A
. 
A
. 
H":
n 
H~
 
H
l
~
 
V 
~V
 
~V
 
I 
~
~
~
~
~
~
~
~
~
~
 
F 
.
,'
_
I.,
!.,
 I 
I 
J 
l 
I 
! 
I 
I 
+
 J
 
L 
+
 .
".
1 
J"
, 
Ie 
_
_
 In .
.
.
 ·
, 
! 
'
=
bw
' 
! 
I ! 
is 
ev
id
en
ce
d 
by
 a
n
 
A2
A3
 i
nt
er
va
l 
o
f 
35
0 
m
s,
 
pr
ee
m
pt
in
g 
th
e 
ap
pe
ar
an
ce
 o
f 
Ae
. 
Th
e 
v
en
tr
ic
ul
oa
tri
al
 c
o
n
du
ct
io
n 
tim
e 
(V
3A
3) 
is 
16
0 
m
s.
 C
, W
he
n 
A2
 is
 o
m
itt
ed
 a
t 
an
 id
en
tic
al
 
A
tV
3 i
nt
er
va
l (
M
eth
od
 II
I),
 V
3A
3 
is 
u
n
ch
an
ge
d.
 D
, A
t a
 1
0 
m
s 
sh
or
te
r A
2V
3 c
o
u
pl
in
g 
in
te
r-
v
al
 o
f 1
80
 m
s,
 V
3 
su
dd
en
ly
 fa
ils
 to
 e
lic
it 
an
 A
3 
re
sp
on
se
, w
hi
le
 s
til
l p
re
ve
nt
in
g 
th
e 
ge
ne
r-
at
io
n 
o
f 
an
 
A
 V
 n
o
de
 e
ch
o,
 i
nd
ic
at
in
g 
bl
oc
k 
in
 t
he
 r
et
ro
gr
ad
e 
fa
st 
o
r 
u
pp
er
 c
o
m
m
o
n
 
pa
th
w
ay
. 
E,
 W
he
n 
A2
 i
s 
o
m
itt
ed
 a
t 
th
e 
sa
m
e 
A
1V
3 
co
u
pl
in
g 
in
te
rv
al
 a
s 
in
 D
, 
V3
 n
o
w
 
su
cc
es
sf
ul
ly
 g
en
er
at
es
 a
n
 
A3
 r
es
po
ns
e 
w
ith
 a
n
 
id
en
tic
al
 V
3A
3 
in
te
rv
al
 a
s 
in
 p
re
vi
ou
s 
pa
ne
ls.
 F
, M
te
r a
tr
op
in
e 
ad
m
in
ist
ra
tio
n 
(0.
5 m
g),
 su
st
ai
ne
d 
A
V
 n
o
de
 re
en
tr
an
t t
ac
hy
ca
rd
ia
 
is 
in
du
ce
d.
 
~>
 
2:8
 
.
.
.
.
.
.
 §O
:: 
;,.
::-
" 
.
.
.
.
.
.
.
.
.
.
.
.
 
~,,
-..
l 
IZ
 
:j
~ 
:>
:l ~ o ~ ~ ~ v. ~~ >::t -<c: :>:lO tr1tr1 n:>:l ~t:l ~F: -< . ....... ....... V> V> 
A 
10
00
 ..
 _
 
~-
I-
-t
-=
i=
=;
 =,-
--
=
:._
=,-
--,
=_
. 
_
 
~ 
r. 
1\ 
_.
.-
A.
r-
--
~~
'\
,.
..
.-
--
1"
--
-'
\.
-.
--
..
.I
'-
-
c 
A
l 
A
l 
A
l 
A
2 
A
 
..J
~ 
~ 
'W
OO
 
I~ 
sa
o 
U~
JJ
i 
1
"-
' 
.
.
.
.
.
 
1 
st'W
' 
st'
~' 
st
'~
~ s
71
 
I 
I 
A
l 
A
l 
A
l 
A2
 
A.
 
A.
 
A
. 
H
R
A
 -
fV-
sflA
-sao S
t'~ 
JOO
 st
'~
 400
 
H
 
+
 
r-
~
 
A.
 
A
l 
A2
 
A
 
CS
p 
~!
r-
~
\
 
~\-
---
---
--
AI
I~
~~
_A
I 
I 
CS
o
 ~
 
I 
't4
 
I 
'~
.J
,.
--
--
-'
'i
Jr
-V
~r
~r
~r
--
--
Jr
r-
r-
--
--
a.
.\
~I
~r
.:
.:
uI
lf
~N
lf
'o
--
-o
J~
 
VI
 
~ 
n
 
,1 
~ 
; 
.
fiH
 
~ 
n
 
R
V 
~V
' 
V" 
\ 
Vr-
~I 
~J
~~
r-
B 
A
,V
,:
48
0 
A
.V
,=
21
0 
.
'
-
-
-
-
i\
._
 
Al
 
A
l 
A
l 
A
2 
V 
A3
 
A.
 
A.
 
1 
~ 
sr
i\-s
ao
 ~ ...
 ~ 
sa
o 
srl~
II,.
....
.:38
0~--
--1f
Io--
'/\-
-"l1
I--
Al
 
A
2 
A
3 
A.
 
~
~
~
~
~
~
~
~
~
 
.
.
.
.
.
.
.
.
.
.
.
.
.
 "
'v 
i 
'I 
~
~
-
A
l 
V. 
~ 
~V
 
,
 
i
i
'
H
;
~
~
~
Y
1
M
\
Y
I
~
 
V
 
~
h
r
-
t
-
Fi
gu
re
 3
. 
Pa
tie
nt
 3
. R
et
ro
gr
ad
e 
fa
st 
pa
th
w
ay
 v
er
su
s 
u
pp
er
 c
om
m
on
 p
at
hw
ay
 b
lo
ck
. E
le
ct
ro
-
gr
am
s 
fro
m
 to
p 
to
 b
ot
to
m
 a
re
 s
u
rfa
ce
 e
le
ct
ro
ca
rd
io
gr
ap
hi
c 
lea
d 
II,
 h
igh
 ri
gh
t a
tri
um
 (H
RA
), 
pr
ox
im
al 
co
ro
n
al
)' s
in
us
 (C
S p
),
 d
ist
al 
co
ro
n
al
)' s
in
us
 (C
S D
), 
H
is 
bu
nd
le 
(H
B)
 an
d 
rig
ht
 v
en
tr
ic
le
 
(R
V)
. A
, D
ur
in
g 
M
et
ho
d 
I 
at
 a
n 
AI
A2
 c
o
u
pl
in
g 
in
ter
va
l o
f 2
70
 m
s,
 s
u
st
ain
ed
 a
tri
ov
en
tri
cu
la
r 
(A
 V)
 no
de
 re
en
tra
nt
 ta
ch
yc
ar
di
a i
s i
nd
uc
ed
 w
ith
 a
 m
in
im
al 
Az
A.
, c
ou
pl
in
g 
in
ter
va
l o
f 4
00
 m
s.
 B
, 
Th
e i
nt
ro
du
cti
on
 o
f a
 V
3 e
x
tra
st
im
ul
us
 at
 a
n 
A
z V
3 c
ou
pl
in
g 
in
ter
va
l o
f 2
10
 m
s 
(or
 co
rr
es
po
nd
in
g 
--
\~
 
i 
\r.J
'v 
I 
•
 .
.
.
j, 
~I! 
~ 
A 
I 
V
I
"
'
~
"
\
i
r
-
-
-
-
-
-
'
 
A
l 
VI
 
A
2 
V3
 
V
 
-H
~H
~H
ir
--
-f
+J
H~
+-
i!
'J
{~
 
':~ 
VI
 
V3
 
V
 
~~
 
~ 
J~ 
~~ ~
N~
 
.
r .. -
-
D
 
A,
 V
,=
45
0 
V
.A
,=
 1
75
 
~ 
~ 
~ 
V~
 
A 
-1
~v
--
sa
o ~
 
.
.
.
 l
~
 
~ 
f- A
 
,,
.-
--
--
-,
j~
~ 
(,
 
A
1V
3 o
f 4
80
 m
s) 
re
su
lts
 in
 fa
st 
pa
th
w
ay
 p
re
-e
xc
ita
tio
n 
(as
 ev
id
en
ce
d 
by
 2
0 
m
s 
sh
or
te
ni
ng
 in
 
A
zA
3), 
w
hi
le 
su
st
ai
ne
d 
A
 V
 n
o
de
 re
en
tr
an
t t
ac
hy
ca
rd
ia
 is
 a
ga
in
 in
iti
at
ed
. C
, A
t a
 30
 m
s 
sh
or
te
r 
A
2V
3 c
o
u
pl
in
g 
in
ter
va
l (
A Z
V
3 1
80
 m
s,
 A
1V
3 4
50
 m
s),
 V
3 
fa
ils
 to
 g
en
er
at
e 
A3
 a
n
d 
ta
ch
yc
ar
di
a 
in
du
cti
on
 is
 a
bo
rte
d,
 su
gg
es
tin
g 
th
at
 V
3 
bl
oc
ks
 in
 th
e 
re
tro
gr
ad
e f
as
t p
at
hw
ay
 ra
th
er
 th
an
 in
 th
e 
u
pp
er
 c
o
m
m
o
n
 p
at
hw
ay
. D
, A
t t
he
 s
am
e 
A
1V
3 c
o
u
pl
in
g 
in
ter
va
l a
s 
in
 C
, w
he
n 
A2
 is
 o
m
itt
ed
 
(M
eth
od
 II
I),
 V
3 
su
cc
es
sf
ul
ly
 g
en
er
at
es
 a
n
 A
3 
re
sp
on
se
. 
.
.
.
.
.
.
 
.
.
.
.
.
.
 
w
 
"'
" 
::<
:IV
> 
m
\)
 
.
.
.
,::
c 
::<
:Ie
::: 
0
0
 
O
m
 
::<
:1::
<:1
 
>
m
 
0.
..
, 
m
>
 
~r
 
~ i ::<:I m ~ ::<:I -< » "O\) ~\) ::< ~~ ~­ --> ~z I 0 w' -> v. 
JACC Vol. 17, No.5 
April 1991 : 1129-37 
Evidence against atrial refractoriness as the cause of onset 
of VA block. To further rule out the possibility that failure to 
elicit A3 at a critically short A2 V 3 coupling interval might 
have been due to atrial refractoriness instead of retrograde 
fast pathway block, an extrapolated A2A3 interval was 
compared with the atrial functional refractory period at an 
atrial basic cycle length of 500 ms (both measured at the His 
bundle electrogram level). The extrapolation was performed 
by subtracting 10 ms from the shortest achievable A2A3 
coupling interval to obtain a lower limit value theoretically 
attainable (assuming that block had not occurred and that the 
V3A3 conduction time remained constant). This extrapolated 
A2A3 value exceeded by a mean of 10 ± 18 ms (range 0 to 50) 
the functional refractory period of the atrium at the AlAI 
drive cycle length of 500 ms. It has to be emphasized, 
however, that the atrial functional refractory period after A2 
must be significantly shorter than that obtained during the 
basic drive (19). Therefore, the fact that our extrapolated 
A2A3 was already longer or identical to the functional 
refractory period measured for the AlAI drive makes atrial 
refractoriness in the wake of A2 an extremely unlikely cause 
of retrograde block during Method II. 
Discussion 
The present study represents the first attempt to define 
recovery of retrograde fast pathway excitability without any 
potential confounding contribution of lower common nodal 
pathway delays or the limitation of His-Purkinje refractori-
ness. This was accomplished by exploiting concealed anter-
ograde penetration by A2 in the fast pathway at onset of 
atrioventricular (A V) node reentry, so that during retrograde 
pre-excitation by V 3 in Method II, much shorter coupling 
intervals could be registered in the fast pathway as compared 
with those registered in a potential lower common pathway 
(roughly equivalent to the difference between A2 V 3 versus 
AI V 3' respectively). By omitting A2 at the same AI V 3 
coupling interval (Method III), it was possible to assess the 
role of concealed penetration by A2 in effecting any alter-
ations in retrograde fast pathway propagation of V 3 observed 
during Method II, most critically just before onset of retro-
grade block. 
Evidence for concealed anterograde impulse penetration by 
A2 into the retrograde fast pathway. The occurrence of 
concealed conduction in the retrograde fast pathway was 
documented primarily by the fact that in 7 of 10 patients, a 
critical A2 V 3 coupling interval could be identified at which 
retrograde block (and abolition of Ae) occurred, with re-
sumption of conduction when A2 was omitted. Although the 
precise corresponding intranodal coupling intervals could 
not be determined, they were clearly short enough during 
Method II to "stress" the fast pathway to the point of 
retrograde block. As already explained, such loss of V A 
conduction was not attributable to atrial refractoriness in the 
wake of A2. Furthermore, in the three patients in whom 
sustained A V node reentrant tachycardia was reproducibly 
SCHUGER ET AL. 1135 
RETROGRADE FAST PATHWAY RECOVERY 
initiated at the AIA2 interval utilized during Method I, 
retrograde block of the V 3 impulse during Method II also 
aborted the occurrence of tachycardia, implying that block 
was indeed in the retrograde fast pathway and not in a 
potential upper common pathway. Otherwise, in all three 
cases, one would have to invoke block of the V 3 impUlse 
concomitantly in the upper common pathway and the anter-
ograde limb of the circuit during attempted reentry-an 
extremely unlikely event. In the remaining four patients in 
whom only one or two A V node echoes were generated, 
block of V 3 exclusively in the upper common pathway as 
opposed to the retrograde fast pathway itself, although 
unlikely, could not be definitively excluded. 
Abrupt transition from full excitability to absolute refrac-
toriness in the retrograde fast pathway after concealed pene-
tration by A2• In five of six patients exhibiting retrograde 
fast pathway pre-excitation during Method II, the V A con-
duction time immediately before onset of retrograde block 
remained virtually unchanged (:55 ms difference) as com-
pared with that obtained during Method III at identical 
coupling intervals; in the remaining patient, an increase of 
20 ms in V 3A3 was recorded at maximal atrial pre-excitation. 
Thus, as a rule, the retrograde limb was essentially unaf-
fected by A2 right up to the onset of retrograde block. This 
phenomenon in patients with A V node reentrant tachycardia 
suggests an extremely rapid (within 10 ms) transition from 
full recovery to absolute refractoriness of the retrograde fast 
pathway after A2, a characteristic not typical of A V node 
tissue. 
Although an "all or none" type of conduction in the 
retrograde fast pathway has been described (4,13), this 
phenomenon has not been systematically demonstrated be-
fore with an extrastimulus technique capable of precipitating 
retrograde block, while also excluding any contribution from 
interposing lower common pathway tissue (as reported 
here). We (20) recently showed that with ventricular extra-
stimuli and pharmacologic intervention, it is often possible 
to demonstrate a fully excitable gap during ongoing A V node 
reentrant tachycardia. Inasmuch as retrograde block was 
never achieved in that study, the present findings provide 
complementary information pertaining to retrograde fast 
pathway excitability in the A V node reentrant tachycardia 
circuit. 
Wu et al. (17) studied one patient using a comparable 
pacing protocol and observed a "slight increase" in retro-
grade conduction time in their equivalent of Method II (when 
compared with Method III), although the actual difference 
was not reported. The occurrence in one of our patients of a 
20 ms V 3A3 delay in the wake of A2 indicates that rapid and 
full recovery may not be a universal attribute of the retro-
grade fast pathway. Differences in level of penetration by A2 
could account for departures from a completely uniform 
response pattern. 
What kind of structure is the retrograde fast pathway in 
AV node reentrant tachycardia? The functional properties of 
the retrograde fast pathway described here once again raise 
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the question of whether this limb of the A V node reentrant 
tachycardia circuit may actually be an accessory pathway 
composed of non-nodal tissue (13,14). Surprisingly, the 
recovery properties of the retrograde fast pathway in the 
wake of a concealed A2 may be even more striking than 
those observed in patients with accessory AV connections, 
which before block often exhibit retrograde conduction 
delays of 10 to 45 ms after concealed anterograde penetra-
tion (21,22). Although never reported previously, a very 
superficial level of penetration by A2 in the fast pathway 
might explain the unique behavior we observed. Such a 
scenario can be extrapolated from the study of Kou et at. 
(22), who demonstrated that in patients with overt or con-
cealed accessory A V connections, there is a shorter duration 
of retrograde accessory pathway block after a more prema-
ture A2, presumably reflecting a lesser degree of anterograde 
concealed penetration. 
Whatever the precise site of block of A2 may have been in 
our patients, it is clear that the fast pathway responses we 
observed are not typical of normal human nodal tissue. 
Lehmann et al. (18), using a comparable pacing protocol in 
subjects with a normal AV node, showed a mean increment 
of 65 ± 59 ms (range 10 to 170) before block. However, 
despite the increment, a "flat" ventriculoatrial response was 
seen in a minority of these patients with a normal A V node. 
In that study, the time for retrograde recovery from block 
(A2 V 3 equivalent) ranged from 200 to 550 ms and roughly 
varied in direct fashion with the longest cycle length permit-
ting 1: 1 retrograde conduction. In contrast, both retrograde 
recovery time and longest cycle length of 1: 1 retrograde 
conduction in the present study were considerably shorter 
than those observed in patients without A V node reentrant 
tachycardia. Hence, if the retrograde fast pathway (regard-
less of its precise anatomic location) in A V node reentrant 
tachycardia is composed of nodal tissue, its electrophysio-
logic properties, as reported here, would have to represent 
an extreme in the functional spectrum of a node-like struc-
ture. 
Retrograde refractoriness of the putative upper common 
pathway. Our findings indirectly provide new information 
bearing on the presumed upper common nodal pathway in 
AV node reentrant tachycardia. Prior studies (3,4,8,9) sug-
gesting the presence of an upper common pathway have 
offered data pertaining almost exclusively to its anterograde 
properties. Evidence for retrograde propagation from fast 
pathway to atria by means of an upper common pathway is 
derived only from isolated case reports (10-12). If one 
assumes the presence of an upper common pathway in all of 
our patients, the A2 impulse utilized in Methods I and II 
must have completely traversed that tissue to engage the 
slow pathway. The observed V 3A3 responses during Method 
II versus Method III, therefore, imply that in the wake of A2, 
retrograde recovery of excitability was at least as brisk and 
complete in the upper common pathway as in the fast 
pathway. This, in turn, raises the question of whether those 
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patients demonstrating atrial pre-excitation truly possessed a 
distinct upper common pathway. 
Clinical implications. Our findings may have relevance to 
other types of reentrant arrhythmias incorporating a retro-
grade fast AV node pathway. For example, in patients with 
the Wolff-Parkinson-White syndrome, electrophysiologic 
properties of the normal A V node can explain the relative 
rarity of inducing true antidromic reentry during atrial ex-
trastimulation (23). In contrast, the combined properties 
inherent to the retrograde fast pathway-a long anterograde 
refractory period, rapid retrograde conduction and very brief 
recovery time after concealed anterograde penetration-
suggest that patients with ventricular pre-excitation and 
concomitant dual A V node pathways tend to be well suited 
to permit initiation and maintenance of true antidromic 
circus movement tachycardia during atrial extrastimulation. 
This intriguing implication will require further study for 
verification. 
Finally, in patients with A V node reentrant tachycardia, 
the pacing protocol utilized in the present investigation may 
prove useful in helping to differentiate the site of retrograde 
conduction delay (lower common versus retrograde fast 
pathway) before complete block occurs after pharmacologic 
(24), surgical (25-27) or catheter ablative procedures (28). 
We thank Karen Beal for excellent secretarial assistance. 
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